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TITLE: LINEAR ACTUATOR COMPRISING A BRUSHLESS POLYPHASE ELECTRIC 

MOTOR 

Amendment D: REMARKS 

Upon entry of the present amendments, previous Claims 36-44 have been canceled and new 
Claims 45 - 53 substituted therefor. Reconsideration of the rejections, in light of the forgoing 
amendments and present remarks, is respectfully requested. The present amendments have been 
entered for the purpose of distinguishing the present invention from the prior art. 

In the Office Action, it was indicated that Claims 36 - 38 and 40 were rejected under 35 
U.S.C. § 103(a) as being unpatentable over the Miller patent and the Okabe Japanese patent. Claim 
36 was rejected under 35 U.S.C. § 103(a) as being unpatentable over the Miller patent and the Okabe 
Japanese patent and flirther in view of the Akagi patent. Claim 41 was rejected under 35 U.S.C. § 
103(a) as being unpatentable over the Miller patent and the Okabe Japanese patent in view of the 
Lamb patent. Claims 43 and 44 were rejected under 35 U.S.C. § 103(a) as being unpatentable over 
the Miller patent and the Okabe Japanese patent in view of the Huber patent. Importantly, it was 
indicated that Claim 42 was "objected to" as being dependent upon a rejected base claim, but would 
be allowable if rewritten in independent form including all of the limitations of the base claim and 
any intervening claims. 

As an overview to the present reply. Applicant has revised previous independent Claim 36 
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in the form of new independent Claim 45. New independent Claim 45 expresses the previous 
limitations and includes certain limitations so as to conform the present claim language with that of 
the corresponding Eviropean patent and also for the purpose of more clearly distinguishing the 
present invention from the prior art. In particular, the driving means is described as converting a 
rotational movement of the electric motor into a "linear and reversible" displacement of said control 
organ. There is a "reversible reduction mechanism independent of and cooperative with said driving 
means" as positively recited apart from the "driving means". Applicant respectfully contends that 
these features serves to distinguish the present invention from the prior art references. 

A copy of the claims from the corresponding European patent are attached hereto. In 
particular, in Claim 1 of the referenced European patent, it is indicated that the "driving means" is 
"associated" with an "independent reversible reduction device". As such, it is quite clear from 
independent Claim 1 of the European patent that the independent reversible reduction device is an 
item that is cooperative with the driving means and is independent of the driving means. As such, 
such language has been incorporated into independent Claim 45 herein. 

In the Official Action, the Examiner stated that the Miller patent teaches that "the drive 
means includes an independent reversible reduction means, being the balls and ball nut 102 .. " 
Applicant respectfiilly disagrees with this analysis. The balls and the ball nut are the "driving 
means" within the meaning of the "driving means" in independent Claim 45. The balls and the ball 
nut of the Miller patent are designed for converting the rotational motion of the rotor into linear 
movement of the shaft. In the Miller patent, there is no "independent" reversible reduction device. 
As such, there is no "reversible reduction mechanism" that is "cooperative with and independent of 
the driving means. This feature is neither shown in the Miller patent, nor any of the other prior art 
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references. 



In some cases, it is necessary to obtain an important reduction between the rotation of the 
rotor and the linear displacement of the actuator or shaft. In such a case with screws and nuts, as 
described in the prior art patent cited by the Examiner, the threads per inch (or "pitch) must be so 
high to obtain this important reduction such that the system would no longer be reversible. 

In contrast, in the present invention, there is a "independent reversible reduction mechanism" 
cooperative with another device, i.e. the driving means. It is designed to be capable of converting 
the rotational motion of the rotor into a linear movement and in a reversible manner. 

As was stated in paragraphs [0066] - [0066] of the original specification: 

Furthermore, it has advantageously been devised to 
distinguish, at least partly, the motion-conversion and reduction 
functions, by associating with said driving means 5 and independent 
reversible reduction device 43. 

As can be seen in figures 4 and 5, such a reversible reduction 
device can adopt the form of an epicyclical gear 44 through which 
rotor 4 attacks, according to the embodiment of figure 4, the nut 16 
engaged with the threaded rod 17, the latter being designed with a 
large pitch and therefore perfectly reversible. In the design according 
to figure 5 is used a system 14A comprised of a roller 40 and a cam 
41. 

The benefit of such a structure was recited in paragraphs [0079] - [0081] of the original 
specification: 

Moreover, this conversion technique allows to avoid blocking in rotation the 
roller defined by the pin, this contrary to the traditional helical systems. Hence, it 
avoids the losses due to Mction this type of blocking normally generates and the 
mechanical output is therefore increased accordingly. 

Finally, this particular motion conversion has the following advantages: 

- a larger motion conversion than that achieved with a traditional 
system with only one helical profile or screw and nut, and 

- a higher output than these same systems. 

The design shown in figure 8 allows to note that these two concepts of 



differential drive and conversion with double helix are easily matched and allow 
achieving an interesting actuator in terms of reduction of motion, output and 
compactness. 



On this basis, Applicant contends that the present invention, as defined by independent Claim 45, 
is patentably distinguishable from the combination of Miller and Okabe Japanese patent. The 
present invention, as defined by independent Claim 45, is different in structure, fiinction and results 
achieved from that of the prior art combination of references. Dependent Claims 46 - 53 herein 
correspond, respectively, to the limitations of previous dependent Claims 37-44. 

Based upon the foregoing analysis. Applicant contends that independent Claim 45 is now in 
proper condition for allowance. Additionally, those claims which are dependent upon independent 
Claim should also be in condition for allowance. Reconsideration of the rejections and allowance 
of the claims at an early date is earnestly solicited. Since no new claims have been added above 
those originally paid for, no additional fee is required. 



Respectfiilly submitted. 
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die Spule (S) der emsprechenden Phase (10) tragi, 
wobei die besagien xenlralen sialorischen Pote (8) 
derbeidert W-fomtigen Kmtse ontJ entsprechend je- 
wefe feiner Phase winkiig in 120* beabstandel sei- 



Linear aduator according lo any of the preceding 
clatmS; characterised In that the driving means (5) 
desigfieci capable ot converting the rotationa! mo- 
^on oJ the fotof {4) into s iinear movement are de- 
signed ot a fevefsibie type. 



Linear aciuator corr^mtng & bru«hless miittiphas© ' 
synchronous etectrtc motor (2) incfuding a stator (3} 
and a rotor (4). the latter acting on a centroi organ 
(O) through dwiog means (6) designed capable of 
converttns, over severaS revolutions, its rotations! 
movement into a finear displacement, charBctet- 
ised In thei : 

tt inciudes springy and/or magnetic restoring 
means (21) designed capabie of systematicaiiy 
resioring the control unit (O) fnto a reference 
position in the event of interruption of the power 
sLtppiy to the motor {2) : 
the motor (2) includes a position-dejection tie- 
Vic© (25 ; 25A) contributing, in combination with 
an electronic controi unit, tc the control or the 
adj-jstment of the position ol the rotor (4), 
hence of the control organ (O) ; 
- and wfth the driving means (5) . designed capa- 
ble of converting the rotational motion ot the ro- 
tor (4) into a linear movement, is associated an 
ind^endent reversible reduction device {43), 

Lmear actuator according to claim 1 , characterised 
In that the springy artd/of magnetic restoring 
means {21} are in the iotm al at least one springy 
ar>d/or magnetic element {22) for controtiing the ro- 
tation of the rotor (4) designed capable, by an action 
on the tatter, of restoririg the control organ (O), siart- 
f ng f rom any position previously imparted to ft by the 
motor (2), into said reference position 

Linear acSoator according to any of the precedir^g 
claims, characterised in that the springy and/or 
magnetic restoring means (21) are defined by a 
spi-ingy and/or magnetic element (23) designee ca- 
pable ot acting directly on the control organ (O) in 
order to r^tore it, starting from any position impart- 
ed to if by the motor (2), into said reference position. 

. Actuator according !o ciasm 1, characterised in 
that ;hs springy and/or nr,agrelic restoring means 
(21) are defined m the forsn of a comtiinatton of a 
springy and^r magnetic e:ement (22) far contrciting 
the rola-ion of tnc rotor (?) and of a springy anci'or 
magnetic element (23) actir.g directly on Ihecontroi 
organ (0), this so as io restore thts control organ 
(O) into a reference pcsition staiiirsg from any po- 
sition prcvlousiy imparted io it by the motor (2). 



e. Linear acSuator according to any of the preceding 
claims, charaeteiisftci !n that the driving means (S) 
designed capable of converting the rotationai 

•0 movement of the rotor (4) into a iinear movement 
are defined by a screw and nut system (14), the ro- 
tor (4) incttiding, at the level ol an axiai bore (15) a 
nut {16) engaged with a coaxial threaded rod (17 ; 
1 7A ; 17B) designed capable of defining, directly or 

ts indirectly, the contro! organ (O). 

7, Linear actuator according to claim S, characterised 
in that the nut (1 6) carried by the rotor (4) is mount- 
ed moveably on a fixed threaded rod (1 7B) so as to 
so be capable ol moving, accordirtg a helical motion , 
underthe stator (3) and of transmitting its linear dis- 
piacement to the control organ (0) immobilised in 
rotation by adequate means. 

s& 8, Linear actuator according to claim 6 or 7, charac- 
terised in that the screw and nut system {14) is of 
the ball screw type with iow friction coefficient. 

9. Linear actuator according to any of claims 1 to 6, 
30 characteriseO in that the driving means (5) de- 
signed capable of converting the rotational motion 
of the rotor (4) into a linear displacement adopt the 
form of a system {14A) of the type roller (40) and 
cam (41), the roller (40) associated with the control 

3S organ (O) evolving along a circular cam (41 ) put into 
notation directly or indirectly, by the rotor (4). 

10. Linear actuator according to any of claims 1 tc 5, 
characteriswi in that the driving means <5) de- 

•10 signeci capable of converting the rotational motion 
of the rotor (4) into a iinear displacement include a 
first cam (41 ) and a second cam (4t A) with crossed 
profiles designed capable of being rotated with a dif- 
terential speed, in order to impart to a roller (40A). 

45 in the fonr> of a pin. an axta! sliding capable ot caus- 
ing the translation of the control organ (0), 

11. Linear actuator according to any of the preceding 
claims, chanacterised ift that the detection device 

so (25) consists of magneto-sensttive elements , such 
as Hall sensors (26). integrated into the ststor (3) 
of the motor (3) so as to be capable of detecting the 
magnetic poles (7) of the rotor (4), 

55 12, Linear acJuator according to claim It , character- 
ised in that the detection device {25A) consists of 
a Iinear position sensor (27) associated witr^ the 
control organ (O). 
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13. Linear actuator amordtng to any of the precedifig 
c!aims, characterised in that the motor (2) com- 
prises a rotor (4) inciuding N pairs of rotor poles (7) 
radially magnetised in an aiternate directior}, H be- 
ing greater or ecjua! to (our, white being different s 
from a muttipfe of three, the stator (3) inciuding Pxg 
identtcai poles (6) spaced apart by 40"/?. said stator 
poles {8) being grouped consecutively three by 
mee, so as to define a W-shaped circuit, gfouping 
three consecutive stator poles (8) the central stator tc 
po!e of whicti carries the coil (9) of the correspond- 
ing phase (10), said centra! stator poles (8) of two 
W-shape<J ctrcutts, each corresponding to a phase, 
being angularly spaced apart by 120". 
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